Heavy metals are one of many pollutants that can be found on the surface and in tissue of fresh vegetables. Therefore, the aim of this paper was to assess and analyse concentrations of essential (Cu and Zn) and trace (Pb and Cd) heavy metals in onion (Allium cepa L.) and potato (Solanum tuberosum L.) produced in Vojvodina. The concentration of Cu, Zn, Pb and Cd was determined in edible plant parts, onion bulbs and potato tubers by atomic absorption spectrophotometry. In only two samples of onion and four samples of potato, the concentration of Cd was above the limit set by regulations of the Republic of Serbia.
Introduction
As a source of vitamins, minerals, proteins and carbohydrates, vegetables play an important role in human nutrition. Therefore, high quality of vegetables is very important for human health. Diversity and quantities of chemicals that are added to agricultural soils have substantially increased with development of industrial technology, augmenting the risk of contamination of crops and vegetables (Nicholson et al., 2003) . Heavy metals are one of many pollutants that can be found on the surface and in tissue of fresh vegetables. Vegetables mainly take up metals from soil solution and sometimes through the above-ground parts (Khairiah et al., 2004; Chojnacka et al., 2005) . Sometimes, vegetable species may accumulate significant amounts of heavy metals, decreasing the quality and biological value of products without visible symptoms of their damage.
High concentrations of Pb and Cd in the diet are associated with development of many diseases, particularly cardiovascular, kidney, nerve and bone tissue (WHO, 1992, Steenland and Boffetta, 2000; Jarup, 2003) . It has been proved that these heavy metals are carcinogenic, mutagenic and teratogenic (Radwan and Salama, 2006) . Given the importance that the concentrations of Cu, Zn, Pb and Cd have for the quality of vegetables and their health safety, we found it important to determine their concentrations in conventionally produced onion and potato, which are very common in our region. Onion bulbs and potato tubers develop in the soil, and therefore, the aim of this work was also to compare concentrations of Cu, Zn, Pb and Cd in those two vegetable species.
According to the regulations of the Republic of Serbia ("Official Gazette", no. 5/92, 11/92 -amended and 32/2002 and "Official Gazette RS", no. 25/2010 -another regulation and 28/2011 -another regulation), the maximum permitted concentration of Pb is 1 mg kg -1 and of Cd is 0.05 mg kg -1 in fresh vegetables, whereas according to international regulations 
Chemical analyses
Onion bulbs and potato tubers were oven dried at 60 °C to constant mass and weighed to determine the dry weight biomass production. Concentrations of Cu, Zn, Pb and Cd were determined in edible plant parts, onion bulbs and potato tubers. Common household practice was applied before the samples were prepared for the analysis of elemental composition. Onion bulbs were peeled and potato tubers were peeled and washed with running tap water. Excess water was absorbed with filter paper. The total concentration of Cu, Zn, Cd and Pb was determined by atomic absorption spectrophotometry (AAS SHIMADZU AA-6300) using flame technique (for Cu and Zn) and graphite furnace (for Pb and Cd) after ashing the plant material at t = 500° C and dissolving it in deionised hot water in the presence of 0.25 M HCl. The analyses were done in two consecutive years, in three replications. According to the regulations ("Official Gazette", no. 5/92, 11/92 -amended and 32/2002 and "Official Gazette RS", no. 25/2010 -another regulation and 28/2011 -another regulation), limiting concentration of trace elements in vegetables, concentrations of Cu, Zn, Pb and Cd are expressed in mg g -1 fresh weight, and the same was done in this paper.
Statistics
The data were statistically processed by Statistica for Windows, version 10.0 (Statosft Inc., Tulsa, OK, USA). The comparison of genotypes was done using Duncan's test, at < 0.05.
The heavy metal pollution index (HPI) was calculated with the aim to compare total heavy metal load in onion and potato, as described by Usero et al. (1997) : HPI = (Cf 1 x Cf 2 x Cf 3 x ···x Cf n ) 1/n , where Cf is the concentration of n heavy metals in vegetable samples.
Results and discussion
The mean concentrations of heavy metals in onion (Tab. 1) and potato (Tab. 3) were in the following decreasing order: Zn, Cu, Pb, Cd, which is in accordance with results of Sharma et al. (2008) . When onion and potato are compared, the latter contained 18% more Zn, 70% more Cu, 25% more Pb and 37% more Cd. For all four elements, the average concentration in potato was 37.5% higher than in onion. However, as the dry matter percentage of potato was in average 34.67% higher than that of onion, potato dry matter contained about half of Zn compared to onion, about double amount of Cu, about 10% less Pb and nearly equal concentration of Cd. The ratio of Zn/Cd concentration, however, was 26% higher in onion than in potato.
Since Cu and Zn in vegetables have only food and feed but not public health significance, there are no limits set for those elements. Average Zn concentration in onion bulbs is between 30 and 100 mg kg -1 dry weight (Bauer, 1971) and in potato tubers between 20 and 40 mg kg -1 (Geraldson et al., 1973) . When concentrations analysed in this paper are expressed per dry weight, they are 12.67 mg kg -1 for onion and 10.1 mg kg -1 for potato. This means that both onion and potato in average have about a half of the average minimum concentration of Zn. It should be noted that the percentage of dry matter differed significantly between both onion (one had very high and one very low % of DM) and potato (one had much lower % of DW) cultivars (Tab. 1 and Tab. 3, respectively).
The average Cu concentration in onion bulbs is 7.1 mg kg -1 dry weight (Babilla-Ohlbaum et al., 2001) and if the concentration that was measured in this paper was expressed on the basis of dry weight, it would be much lower (average is 4.55 mg kg -1 ). There were significant differences between onion cultivars with respect to Cu concentration in fresh weight. However, it should be noted that percentage of dry matter significantly differed between onion cultivars -one had much higher and another one much lower % of DW than the other cultivars (Tab. 1). Onion belongs to a group of vegetables that have high response to Cu whereas potato is classified as having a low response to it (Swiader and Ware, 2002 ).
Although potato is low copper-containing food, it is consumed frequently enough to be considered a substantial dietary source of copper (Lurie et al., 1989 None of the onion samples had Pb concentration above the limit set by regulations of the Republic of Serbia, but according to international standards, in 25 samples, it was above the limit. In one onion cultivar, Pb concentration was significantly higher, and in another one, it was significantly lower than in the others (Tab. 1). The concentration of Pb in potato was within the limits set by Serbian regulations but above it in 22 samples according to international regulations (Tab. 3). There were significant differences between potato cultivars with respect to Pb concentration.
Out of 32 samples of onion (belonging to 15 cultivars), the concentration of Cd was above the limit set both by regulations of the Republic of Serbia and international regulations in only two of them (Tab. 1). In 28 potato samples (belonging to 10 cultivars), concentration of Cd was above the limits in 4 as set by Serbian regulations and it was above the limit in only one of these according to international regulations (Tab. 3). The concentration of Cd was significantly higher in one potato cultivar than in the other nine, whereas in onion, differences between cultivars, with respect to Cd concentration, were smaller. The coefficient of variation was the highest with respect to Cd in both onion (Tab. 2) and potato (Tab. 4), in comparison with the other elements being analysed. There is a correlation between Zn supply and the uptake of Cd by plants. Low plant available Zn in soil promotes Cd uptake. It was found that in laboratory animals marginal deficiency of Zn may enhance Cd absorption as much as ten-fold from food containing low Cd concentrations (Reeves and Chaney, 2008) . This indicates that the food that is nutritionally marginal with respect to Zn has much higher risk of containing more Cd, which is highly undesirable. Therefore, we compared Zn/Cd ratio in onion and potato samples. Overall, Zn/Cd ratio was higher in onion (93.16) than in potato (68.29) but ranges in both vegetables were very similar (Tab. 2 and Tab. 4, respectively). There were no significant differences between onion and potato cultivars with respect to Zn/Cd concentration.
The average heavy metal pollution index (HPI) was higher in potato (0.269) (Tab. 3) than in onion (0.166) (Tab. 1) which means that there is species specificity with respect to accumulation of heavy metals in plant parts developing in the soil (bulbs and tubers).
Conclusion
In general, it can be concluded that concentrations of Zn, Cu, Pb and Cd in conventionally produced onion and potato were below the limits set by Serbian regulation, with the exception of 2 (out of 32) onion and 4 (out of 28) potato samples in regards with Cd. 
